Background: This study identifies factors that influence satisfaction with an insulin delivery system (IDS). Knowledge of such factors could help identify individuals who would benefit from innovative IDS. Methods: Individuals with type 2 diabetes who use insulin, recruited from a general and chronic illness panel, participated in a web-based survey that included questions about demographics, self-reported diagnoses and hemoglobin A1c (HbA1c), current IDS used, insulin therapy attitudes, current IDS features, and satisfaction with IDS. Univariate analyses identified variables associated with IDS satisfaction (P < 0.05); those variables were entered into stepwise linear regression analyses with IDS satisfaction as the dependent variable. Results: Six hundred sixty-seven individuals with type 2 diabetes participated (mean age, 57 years; 52% female; 88% Caucasian; 73% vial=syringe users, 27% insulin pen users). IDS satisfaction was associated (P < 0.05) with gender, health status, HbA1c, self-reported comorbidity, insulin therapy attitudes, IDS type, and evaluation of IDS features. Among individuals who reported their HbA1c (n ¼ 438), the best predictors of IDS satisfaction were perceived effectiveness and value of insulin therapy, evaluation of IDS activity interference, and commitment to insulin therapy (R 2 ¼ 0.49, P < 0.001). Among all participants (n ¼ 667), a second regression analysis that employed a variable representing report of HbA1c found the best predictors of IDS satisfaction included those in the first analysis with the addition of gender, report of HbA1c, and evaluation of IDS ease of use. These variables provided additional variance (R 2 ¼ 0.56, P < 0.001). Conclusions: In people with type 2 diabetes, positive perceptions and attitudes about insulin therapy have greater influence than the type of IDS used on IDS satisfaction.
Background

D
uring 1999-2000, an estimated 3 million individuals with type 2 diabetes in the United States were using insulin alone or in combination with oral antidiabetes medications. 1 Prior to the introduction of the insulin pen in the mid-1980s, the only insulin delivery option for patients with diabetes was the vial and syringe (v=s). Insulin pens have advantages over v=s that include portability, discreteness, and, in some cases, accuracy of dosing. [2] [3] [4] [5] Crossover studies comparing insulin pens with v=s indicate that 70-90% of patients are more satisfied with and=or prefer the insulin pen over v=s. [6] [7] [8] [9] [10] [11] Reasons for patient satisfaction=preference include less fear of injection 6 or pain of injection, 7, 9, 10 confidence in use and ease of use, [6] [7] [8] [9] [10] discreteness in public, 6, 8 quicker administration, 10, 11 and portability. 11 Results of these studies suggested that greater satisfaction with or preference for an insulin pen would translate into better adherence and ultimately better outcomes. [6] [7] [8] [9] [10] [11] In many European countries and in Japan, insulin pens are the preferred mode of insulin delivery, with up to threefourths of insulin prescriptions written for pen devices. In comparison, fewer than one in 20 insulin prescriptions in the United States are for insulin pens. 4 Physician recommendation of insulin pens is a strong predictor of whether patients with type 2 diabetes use an insulin pen. 12 Speculation is that physicians in the United States do not recommend or prescribe insulin pens because they lack formal training in pen use, believe pens are just novelty or convenience, 2 and=or do not regard pens as a mechanism for improved patient outcomes. 12 Physicians in the United States might be more likely to recommend insulin pens for patients with type 2 diabetes if they could identify patients who would benefit from pen use.
Diabetes treatment satisfaction has been linked to better treatment adherence, 13 and, in turn, better adherence has been linked to better outcomes. [14] [15] [16] [17] [18] [19] Understanding what contributes to insulin delivery system (IDS) satisfaction is the initial step to identifying patients who would benefit from insulin pens. Studies have shown that individual characteristics can affect patient satisfaction regardless of the inherent properties of the item being evaluated. For example, patients' satisfaction with their physicians is associated with perceived health and psychosocial adaptation to diabetes. 20 Satisfaction with dietary management can be influenced by age, gender, depression, and employment status. 21 Correlates of diabetes treatment satisfaction 22 and, more specifically, insulin therapy satisfaction include hemoglobin A1c (HbA1c), age, and comorbidities. 23, 24 We hypothesize that some patient characteristics contribute to IDS satisfaction independent of IDS. The identification of these patient characteristics could facilitate identifying patients who would most benefit from insulin pen use.
The objective of this study is to address the following two research questions:
1. For persons with type 2 diabetes using v=s only or an insulin pen, what characteristics are significantly associated with their IDS satisfaction? 2. Of the characteristics identified in question 1, which are the best predictors of IDS satisfaction?
Subjects and Methods
Study design and participants
This study was an internet-based survey of individuals with type 2 diabetes and using insulin conducted in early 2006. Participants were recruited from a large U.S. general and chronic illness panel. Panel members consented to participate in a study when they signed up and agreed to be part of the panel online and again when they responded to a confirmation e-mail.
Respondent eligibility criteria were (1) current diabetes therapy must include at least one daily injection of insulin, (2) must have used a v=s or an insulin pen for at least 3 months but not longer than 10 years, (3) must never have participated in an inhaled insulin trial, and (4) must not be currently participating in a diabetes clinical trial.
E-mail invitations were sent to 11,883 adults in the general and chronic illness panel; 4,150 adults (35%) responded to the e-mail invitation, and 681 (16%) were eligible for the study and completed the survey. However, 14 respondents indicated in their survey responses that they injected their insulin less than once a day. Those 14 respondents were eliminated from further analysis, resulting in a total sample of 667.
Web-based survey
The web-based survey included items about demographics, health status, 12 diagnoses, IDS used, frequency of injection, and self-reported HbA1c. The survey also included items to assess attitudes about insulin therapy and IDS satisfaction (Table 1) . Finally, participants were asked to evaluate their current insulin delivery system using the Insulin Injection Preference Questionnaire (IIP-q). 
IIP-q
The IIP-q consists of three subscales: Ease of Use, Activity Interference, and Social Acceptability. Respondents are asked the extent to which they agree that an IDS has features such as ease of selecting doses, convenience, and not noticeable to others when used. The IIP-q has demonstrated reliability and validity. 25 For purposes of this study, the IIP-q recall period was designated as 4 weeks, the response set was increased from a 5-to a 7-point scale ranging from ''Strongly Disagree'' (1) to ''Strongly Agree'' (7), and one item was eliminated.
Statistical analysis
To provide uniform scoring across the measures of attitudes about insulin therapy and IIP-q subscales, all scores were converted to a 0 to 100 scale through a linear transformation ([actual raw score À lowest possible score=raw score range]Â100). Participant characteristics for two IDS subgroups (v=s users only and insulin pen users) and two HbA1c subgroups (participants who reported their HbA1c and those who did not) were compared using w 2 test (categorical variables) or t test of independent means.
To address the first research question concerning the association between IDS satisfaction and individual characteristics, attitudes, and IIP-q scores, either Pearson Product Moment correlation coefficients were calculated, or a comparison of independent means (independent t tests or one-way analyses of variance) was performed.
To address the second research question concerning predictors of IDS satisfaction, stepwise linear regression analyses with IDS satisfaction as the dependent variable were performed. Independent variables were survey variables that were significantly (P < 0.05) associated with IDS satisfaction.
Results
Study participants
The average age of all study participants (n ¼ 667) was approximately 57 years; 48% were male, and 88% were Caucasian ( Table 2) . Duration of diabetes for most participants was 5 or more years, and 85% had been on insulin therapy for 1 year or longer. Of the 12 diagnoses listed in the survey, the most frequently reported (in 15-45% of participants) were depression, uncontrolled hypertension, neuropathy, heart attack, congestive heart failure, and gallbladder disease. Seventeen percent of participants indicated that they had ''none'' of the 12 diagnoses.
The majority of participants (65%) selected the word ''committed'' to describe themselves with regard to their insulin therapy. Participants' attitudes toward insulin therapy were relatively positive, with mean scores above 60 (on a 0 to 100 scale) for the measures of self-efficacy, perceived effectiveness, and perceived value ( Table 2) .
About two-thirds (66%) of participants reported an HbA1c value; of those, only 35% reported an HbA1c <7%, the treatment goal endorsed by the American Diabetes Association. 26 Compared with those who did not report an HbA1c value, individuals who did report an HbA1c value tended to have longer duration of diabetes, use an insulin pen, inject more times a day, be employed full time, and have a higher income (all P < 0.05). No significant differences were found in attitudes about insulin therapy or IIP-q scores between the two groups.
The majority (73%) of participants used a v=s for insulin delivery, 14% used an insulin pen only, and 13% used both (Table 2) . If participants used both an insulin pen and a v=s for insulin delivery, they were asked to refer only to the insulin pen as they completed the IIP-q and responded to the IDS satisfaction items; hereinafter, they are referred to as insulin pen users. Insulin pen users reported better health status and more full-time employment than v=s users; in addition, a greater proportion of insulin pen users than v=s users reported their HbA1c (Table 2) .
Research Question 1: What individual characteristics are associated with IDS satisfaction?
Correlation analyses. Significant (P < 0.05) relationships were found between IDS satisfaction and age, self-reported health status, self-reported HbA1c, insulin therapy attitudes, and the three IIP-q subscale scores (Table 3 ). Greater IDS satisfaction was significantly associated with older age, a perception of better health status, self-reporting lower HbA1c, having more positive attitudes about insulin therapy, and a more positive evaluation of current IDS.
Test of independent means. No significant differences in IDS satisfaction were found between groups for the following variables: duration of diabetes, time on insulin therapy, injections per day, ethnicity, employment status, education, or income.
Significantly greater (P < 0.05) IDS satisfaction was found to be associated with being female, self-reporting having either none of the survey diagnoses or having no diagnosis of neuropathy or depression, describing oneself as committed to insulin therapy, using an insulin pen, and reporting an HbA1c value (Table 4) .
Research Question 2: What individual characteristics and perceptions of features of an IDS significantly predict IDS satisfaction?
Linear regression analyses. Because self-reported HbA1c met the criteria for inclusion in the regression analyses (association with IDS satisfaction at the P < 0.05 level) and data on self-reported HbA1c were available for only 438 respondents, the first stepwise linear regression analysis was performed with only those 438 participants. The results indicated that the best predictor of IDS satisfaction is perceived effectiveness (R 2 ¼ 0.361, P < 0.001), followed by activity interference (R 2 change ¼ 0.091, P < 0.001), perceived value (R 2 change ¼ 0.032, P < 0.001), and self-description regarding insulin therapy (R 2 change ¼ 0.007, P ¼ 0.016), for a total R 2 ¼ 0.49, P < 0.001 (Table 5) . Because self-reported HbA1c was not a significant predictor of IDS satisfaction in the first regression model, a second stepwise linear regression analysis using all 667 participants was performed. To account for differences in characteristics of participants who reported their HbA1c and those who did not, a new variable was added in the second stepwise regression analysis to represent whether participants reported their HbA1c.
Results of the second stepwise linear regression analysis indicated that the best predictor of IDS satisfaction was Some total percentages may not equal 100% due to rounding error. Differences in categorical variables (e.g., income, education) between v=s users and insulin pen users were tested using a w 2 test. Differences in means of continuous variables (e.g., age, attitudes) between v=s users and insulin pen users were tested using comparisons of independent means (t test or one-way analysis of variance). 
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HAYES AND FITZGERALD perceived effectiveness (R 2 ¼ 0.401, P < 0.001), followed by activity interference (R 2 change ¼ 0.103, P < 0.001), perceived value (R 2 change ¼ 0.028, P < 0.001), and self-description regarding insulin therapy (R 2 change ¼ 0.012, P < 0.001). However, in this second model, predictors of IDS satisfaction also included the variable indicating whether participants reported their HbA1c (R 2 change ¼ 0.005, P ¼ 0.005), gender (R 2 change ¼ 0.003, P ¼ 0.028), and ease of use (R 2 change ¼ 0.003, P ¼ 0.028), for a total R 2 ¼ 0.556 (P < 0.001).
Discussion
This study aimed to identify those characteristics of individuals with type 2 diabetes using insulin that influence satisfaction with their IDS. It was hypothesized that these characteristics could assist in identifying patients who would likely benefit from use of an insulin pen. This study is different from preceding studies that compare IDSs in that (1) it recruited from a national sample of individuals with type 2 diabetes who use insulin and (2) it examined associations between participants' satisfaction with their IDS and variables shown to contribute to other types of satisfaction or preferences, such as satisfaction with physician relationship, dietary management, diabetes treatment, and insulin therapy. [20] [21] [22] [23] [24] Indicators of health status, both mental (e.g., depression) and physical (e.g., neuropathy), were significantly associated with IDS satisfaction, independent of the type of IDS used. Depression has been shown to affect not only different types of satisfaction but also medication adherence. 19, [27] [28] [29] [30] [31] Symptoms associated with depression, such as apathy toward diabetes management, 32 may contribute to a poor perception of an IDS independent of the system used. For such individuals, their depression should be addressed before determining which IDS best fits their needs. 19 Brod et al. 24 identified neuropathy as the single best predictor of insulin therapy satisfaction. It is possible that pain and other symptoms of neuropathy make any injectable IDS difficult for patients with neuropathy. Alternative methods of delivery currently under development (inhaled, intranasal, transdermal, and oral 3 ) may be more appropriate for these patients. Despite significant associations found between health status indicators and participants' evaluations of and satisfaction with their IDS, none of these variables emerged as significant predictors of IDS satisfaction. This result may have been due to the fact that these health status variables (such as self-reported health status and depression) were moderately correlated with variables that did predict IDS satisfaction (data not shown) and, therefore, did not provide unique variance.
For the 438 participants who self-reported their HbA1c, relatively small but significant associations were found between their reported HbA1c values and IDS satisfaction. Yet, consistent with the study of insulin therapy satisfaction by Brod et al. 24 using an HbA1c laboratory value, HbA1c lost its significance when combined with other variables. Like health status indicators, self-reported HbA1c is moderately correlated with variables that did significantly predict IDS satisfaction.
Not surprisingly, perceived effectiveness and value, along with self-efficacy and commitment to insulin therapy, were found to be significantly associated with IDS satisfaction. A previous study has indicated that perceived effectiveness is a key driver of diabetes treatment satisfaction and preference. 33, 34 Confidence or self-efficacy has been purported to contribute to improved diabetes self management.
19,35-37 Savoca et al. 38 used qualitative methods to contrast the experience and attitudes of people at the extremes of glycemic control. The individuals labeled as ''committed'' were described by the authors as consistent in their adherence to dietary, lifestyle, glucose monitoring, and medication recommendations and were consequently in better glycemic control than other groups of individuals (these other groups were characterized as tentative, 
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hopeful, hassled, and overwhelmed). Moreover, an optimistic attitude is believed to differentiate between those patients with diabetes who are active problem solvers 31, 37, 39 in their diabetes management and those who are not. It may be that those individuals who described themselves as ''committed'' have a more positive attitude about their health and their insulin therapy, which translates into greater satisfaction independent of the IDS used.
Results of the linear regression analysis that was limited to those participants reporting an HbA1c value (n ¼ 438) identified insulin therapy attitudes and perceptions of IDS features as predictors of IDS satisfaction independent of IDS used. When participants who did not report an HbA1c value were added to the analysis, the first four predictors of IDS satisfaction (perceived effectiveness, activity interference, perceived value, and commitment to insulin therapy) remained significant predictors. However, three additional variables were also identified as significant predictors: gender, report of HbA1c, and the extent to which participants agreed that their IDS was easy to use.
In a review of the quality of life literature, Rubin and Peyrot 40 also found gender differences in treatment satisfaction. In contrast to this study, they reported that males were more satisfied with their treatment regimens and perceived less impact of treatment regimen on their leisure activities than females. Further research is needed to understand whether gender difference in IDS satisfaction is clinically meaningful.
In a cross-sectional study of individuals with type 2 diabetes in the United States, Heisler et al. 41 found that only onethird could report their HbA1c values and that only a quarter could do so accurately. Those individuals who knew their HbA1c were better educated and reported a better understanding of their diabetes care. In this study, approximately two-thirds of respondents reported their HbA1c value, but the accuracy of those values is unknown. It was beyond the scope of this study to compare the differences in understanding of diabetes care between those who reported their HbA1c and those who did not. This study did show, however, that purported knowledge of HbA1c played a significant role in IDS satisfaction. Perhaps those who reported their HbA1c have a better understanding of their disease progression and are more accepting of what is required of them to manage their diabetes in terms of diet, exercise, self-testing, and medication adherence. If these participants believe an IDS is a tool to assist them in achieving glycemic control, it may also lead to greater IDS satisfaction. Further research is needed to understand this unanticipated finding.
Similar to studies showing greater patient satisfaction with or preference for an insulin pen over a v=s, 6-11 significant differences were found in IDS satisfaction between v=s only users and insulin pen users. However, IDS type did not emerge as a significant predictor of IDS satisfaction. This result suggests that not all individuals with type 2 diabetes who use insulin would be more satisfied with or would benefit from using an insulin pen.
Limitations
This was a web-based survey, and recruitment was from a population that has shown interest in participating in surveys; thus findings cannot be generalized to the entire U.S. population of individuals with type 2 diabetes. Effort was made to ensure that all regions of the country were represented, but this was an unweighted sample. Other limitations include the fact that diagnoses and HbA1c were self-reported and could not be confirmed.
Conclusions
Because many physicians are reluctant to prescribe pens, it is important to identify characteristics and=or attitudes of individuals with type 2 diabetes who might benefit from using an insulin pen. Although the results of this study did not definitively identify a target population for insulin pens, it does provide an initial step in this identification. These results suggest that individuals with mental health or psychosocial issues need to have these issues addressed prior to consideration of IDS. Further, those individuals with physical issues such as neuropathy may find both v=s and insulin pen challenging and would be better served using non-injectable alternatives as they become available. However, individuals whose attitudes indicate they value their insulin therapy and are committed to their diabetes management may benefit from insulin pen use. The reduced burden of treatment derived from a pen 2,12 may allow these individuals to achieve and=or maintain the glycemic control they need for improved patient outcomes. Significant at the *P < 0.05, **P < 0.01, ***P < 0.001 level.
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